Three ontogenetic stages of the African catfish Clarias gariepinus have been used to describe and discuss the ontogeny of the hyoid musculature. During ontogeny, an asynchrony in the development of the muscles is observed: the intermandibularis and protractor hyoidei are the first to develop and which bear their insertions, followed by the hyohyoideus inferior and the sternohyoideus. The hyohyoideus abductor and adductor muscles are the last of the hyoid muscles to develop. In the juvenile stage (136.2 mm SL specimen), the intermandibularis is still present. The protractor hyoidei is well developed, as it may play an important role in the opening of the mouth, the elevation of the hyoid bars and, as a typical catfish feature, the displacement of the mandibular barbels. The protractor hyoidei arises as three pairs of muscle bundles (a pars ventralis, a pars lateralis and a pars dorsalis), of which the pars ventralis and the pars lateralis become fused to each other. This fusion gives rise to four different fields of superficial fibres for the manipulation of the mandibular barbels. The pars dorsalis, with its tendinous insertion, may be of more importance for mouth opening and/ or hyoid elevation. The hyohyoid muscle is well differentiated into an inferior, abductor and adductor muscles, acting on the hyoid bars, the branchiostegal rays and the opercular bone.
In actinopterygians the hyoid bars are well known to play an important role in mechanisms like respiration and suction feeding. The depression and elevation of the hyoid bar control the required changes in volume of the orobranchial cavity (Schaeffer & Rosen, 1961; Osse, 1969; Anker, 1974; Lauder, 1981; Schaefer & Lauder, 1986; Westneat & Wainwright, 1989; Westneat, 1990; Aerts, 1991 ). An additional participation of the hyoid bars in the suction feeding mechanism is established through the hyoideo-mandibular connection (Liem, 1970; Verraes, 1977; Lauder, 1980a,b; Lauder & Liem, 1980) . The morphology and the attachment of different muscles contribute to the great mobility and functional significance of these bars.
During teleostean evolution, the hyoid arch has become differentiated into two functional units: a dorsal hyosymplectic and a ventral hyoid bar, interconnected by an interhyal. In generalized teleosts, the hyosymplectic articulates with the posterolateral face of the neurocranium, at the level of the otic capsules. At its anterior and posterior face it bears a process, the pterygoid and the opercular process, respectively. In general, the hyosymplectic arises separately from the palatoquadrate of the mandibular arch, which during ontogeny become sutured to each other, thus forming the suspensorium. The ventral part consists of a hyoid bar, supporting several branchiostegal rays along the ventral margin. Both elements of the hyoid arch articulate with each other through an interhyal, which is believed to be a new element in the hyoid arch in teleostean fishes (Daget, 1964; Jarvik, 1980) , although it has been observed in crossopterygians as well (e.g. Latimeria chalumnae) (Lauder, 1980b) . The presence of the interhyal plays an important role for the efficiency of hyoid depression (Anker, 1974; Lauder, 1980a) . In some cases, secondary reductions have occurred within both the dorsal part (e.g. symplectic bone in catfishes (Alexander, 1965; Roberts, 1973; Fink & Fink, 1981; Arratia, 1992) ), the interhyal (e.g. in catfishes (Arratia, 1990 (Arratia, , 1992 Adriaens & Verraes, 1994) ) and the ventral part (e.g. dorsal hypohyal in some catfishes or ventral hypohyal in most Osteoglossomorpha (Arratia & Schultze, 1990) ).
Ontogenetically three major muscles primordia can be distinguished which play an important role in formation of the hyoid musculature: (1) the intermandibularis, (2) the interhyoideus, and (3) the sternohyoideus (Takahasi, 1925; Munshi & Singh, 1967; Greenwood, 1971; Winterbottom, 1974; Jarvik, 1980; Surlemont & Vandewalle, 1991) . The intermandibularis is derived from the intermandibularis part of the mandibular muscle plate. Early during ontogeny, this muscle becomes subdivided into an intermandibularis anterior and posterior. As is the case for all the mandibular arch muscles, these muscles are innervated by the ramus mandibularis of the trigeminal nerve. The interhyoideus develops out of the muscle plate of the hyoid arch. The ventral part of the hyoid muscle plate, the constrictor hyoideus ventralis becomes subdivided into an interhyoideus anterior and an interhyoideus posterior. All the muscles derived from the hyoid arch muscle plate are innervated by the ramus hyomandibularis of the nervus facialis (ramus hyohyoideus in Greenwood (1971) ). The third muscle, the sternohyoideus, is a differentiation of the hypobranchial muscle plate of the first spinal myomeres which grows forward to the hyoid bars. Innervation occurs through the branches of the occipito-spinal nerves. Further differentiations of these three primary muscles, both by fusions and additional subdivision, give rise to the formation of the functional muscles of the hyoid bars.
Generally, six major muscles can be distinguished: (1) the intermandibularis, which is homologous with the early intermandibularis anterior (Greenwood, 1971; Winterbottom, 1974) . This muscle becomes extended between the left and right mandibular ramus, close to the symphysis. The intermandibularis posterior, however, generally fuses with the interhyoideus anterior, thereby forming (2) the protractor hyoidei. This fusion has led to a wide range of forms of the protractor hyoidei, thereby sometimes creating some uncertainties concerning the nomenclature (Greenwood, 1971; Winterbottom, 1974) . In most teleosts, this muscle, frequently and incorrectly referred to as the geniohyoideus, connects the lower jaw with the hyoid bars (Anker, 1974; Winterbottom, 1974; Elshoud, 1978; Lauder & Liem, 1980; Lauder, 1979 Lauder, , 1981 Liem, 1984; Westneat, 1990) . According to Greenwood (1971) , however, "it is clear that on grounds of homology and ontogeny the muscle should not be called a geniohyoideus in teleost fishes". It has been shown that "the teleostean 'geniohyoideus' is in no way homologous to that of the tetrapods, from which the name has been taken" (Winterbottom, 1974) . However, some functional shifts have occurred in Ostariophysi, as will be discussed later. The interhyoideus posterior will give rise to the hyohyoideus, which generally becomes subdivided into three functional muscles. (3) The hyohyoideus inferior connects the ipsi-lateral hyoid bars, thereby inserting medially on an aponeurosis. (4) The hyohyoideus abductor connects the anteriormost branchiostegal ray to the rostral tip of the hyoid bar. (5) The larger hyohyoidei adductores are spread over and between the branchiostegal rays, up to the medial face of the opercular bone. (6) The sternohyoideus forms the muscular connection between the pectoral girdle and the hyoid bars, as will be discussed later. In siluroids, certain specializations of the hyoid musculature can be related to the presence of mandibular barbels (Greenwood, 1971) .
In this paper, three ontogenetic stages of the above mentioned hyoid muscles in Clarias gariepinus (Burchell, 1822) (Clariidae) are described. Some considerations are given concerning the functional-morphological structure of the muscles, as well as some typical catfish adaptations of the protractor hyoidei. Discussion on the function of the different muscles is based on anatomical evidence only. No cinematographical or electromyographical analyses have been done. In this paper, interpretations of possible functions of a certain muscle are based on morphological configurations, indicating that the muscle can be functional as it bears both its insertions.
MATERIAL AND METHODS
Specimens of Clarias gariepinus of three ontogenetic stages (7.2 mm SL, 46.8 mm SL and 136.2 mm SL) were used to describe the myology of the skull. Fertilized eggs were obtained from the Laboratory of Ecology and Aquaculture (Catholic University of Leuven, Belgium) and were raised at a temperature of 25°C. At different moments (7 days and 120 days after hatching) specimens were sedated in MS 222. A 7.2 mm SL specimen (TL=7.8 mm, PAL=3.8 mm, 7 days posthatching) (SL=standard length, TL=total length, PAL=preanal length) was fixed in a paraformaldehyde-glutaraldehyde solution. The 46.8 mm SL specimen (TL= 50.2 mm, PAL=23.9 mm, 120 days posthatching) was fixed in a buffered 4% formaldehyde solution. Both were used for serial sectioning, embedded in Epon and Paraplast, resp. Epon sections of 2 m thick were stained with toluidine, Paraplast sections of 5 m thick were stained with an improved trichrome staining (Mangakis et al., 1964) .
Other juvenile specimens were used for dissections and clearing and staining in toto, according to Hanken & Wassersug (1981) . These were commercially raised specimens with an age of approximately 100 days, obtained from Mr Fleure (Someren, the Netherlands). One specimen was used for drawing (TL=154.1 mm, SL=136.2 mm, PAL=71.3 mm), other specimens were used for further observations (TL=149.9 mm, SL=132.5 mm, PAL=68.2 mm) (TL=166.9 mm, SL= 144.5 mm, PAL=78.3 mm) (TL=163.5 mm, SL=142.8 mm, PAL=75.7 mm) (TL=144.9 mm, SL=125.5 mm, PAL=67.1 mm).
Serial sections were studied and drawn using a Leitz Diaplan light microscope, equipped with a camera lucida. Three-dimensional reconstructions were made using a commercial software package. A WILD M5 stereo-microscope with camera lucida was used for studying the dissections, as well as the cleared and stained specimens. The nomenclature used for the muscles described follows Winterbottom (1974) .
mm SL (7 days posthatching)
In this larva, most of the muscles in question can be distinguished: (1) the intermandibularis, (2) the protractor hyoidei, (3) the hyohyoideus inferior, (4) the complex of the undifferentiated hyohyoideus ab-and adductor muscles and (5) the sternohyoideus ( Fig. 1 ).
The intermandibularis lies at the ventro-posterior margin of the rostral tip of the lower jaw, close to its symphysis (Figs 2A, B, 3) . The mandibula in this larval stage is formed by Meckel's cartilage, which already bears a rostral perichondral ossification, the mentomeckelian bone, and the dermal dentary. Anteriorly, the muscle fibres are attached to the ventro-medial face of the mentomeckelian, while the posterior fibres originate at the ventro-medial margin of the dentary (Fig. 4A ).
The caudalmost fibres seem to be still continuous with the rostral fibres of the protractor hyoidei.
The protractor hyoidei is the largest of the hyoid muscles (Fig. 1B) . It covers the ventral face of the anterior part of the ceratohyals, thereby surrounding the bases of the mandibular barbels (Figs 1B, 2) . Both the external and the internal mandibular barbel bases seem to penetrate the muscle completely, as on the dorsal face of the protractor muscle, two pairs of mandibular barbel extensions can be observed (Fig.  3A,B) . The muscle originates on the ventro-lateral face of the anterior ossification of the hyoid bar, the anterior ceratohyal. The site of origin is located caudally against the attachment site of the hyohyoideus inferior (Figs 1B, 2A, B) . From there on, the protractor muscle fibres run lateral against the hyohyoideus inferior, up to the bases of the mandibular barbels and the dentary, where they insert. Some of the ventral fibres do not reach the dentary but meet the ipsi-lateral fibres at a median aponeurosis (Figs 1, 2A,B). The attachment of the fibres to the dental is situated at the ventro-medial margin, posterior against the caudal fibres of the intermandibularis.
The hyohyoideus inferior is a small muscle bundle which runs along the ventral surface of the ceratohyal (Figs 1B, 2A, B, 3A) . Caudally the fibres originate on the ventro-lateral side of the ceratohyal, medial to the protractor hyoidei. This attachment site is situated caudally to the articulation between the second branchiostegal ray and the hyoid bar. From there, the fibres run anteriorly to a median aponeurosis, which is not attached to any skeletal element ( Fig. 2A,B) .
In the muscle complex, constituting the hyohyoidei ab-and adductor, no distinction can be made yet between the abductor part and the adductor part. The rostral, conical part of the muscle lies at the medial face of the hyohyoideus inferior. It is attached through a very indistinct tendon to the hyoid bar. Caudally, the muscle becomes sheet-like, lying in the margin of the branchiostegal membrane. Although present, the muscle cannot be functional at this stage, as no insertion is observed to branchiostegal rays.
The sternohyoideus is already well developed. The slender muscle connects the pectoral girdle with the rostral tip of the hyoid bars (Figs 1B, 2A, 3A, B) . Caudally, all the fibres originate on a horizontal crest of the cleithrum, lateral to the attachment of the pharyngoclavicularis externus (Fig. 4C) . No fibres seem to originate from a myoseptum, separating the sternohyoideus from the obliquus inferioris. Caudally, the left and right muscle bundles are separated from each other, as the conus arteriosus lies in between them. The muscle runs between the ventrally situated ab-and adductor complex of the hyohyoideus muscle, and the dorsally lying branchial arches (Fig. 1) . Anteriorly the ipsi-lateral bundles converge, until they meet, thereby enclosing the ventral aorta. Rostrally, the insertion of both muscles is separated and situated at the posterior surface of the cartilaginous hyoid bar. The urohyal is not formed yet.
mm SL (120 days posthatching)
The intermandibularis is now completely separated from the protractor hyoidei, as an interconnection between the left and right internal mandibular barbel bases lies in-between the two muscles (Fig. 5A ). The fibres originate on the ventral side of the mandibula, at the mentomeckelian and dentary (at this stage the latter bone has already fused with the splenial bone). The muscle connects left and right lower jaw, close to the symphysis. The protractor hyoidei is well developed in this stage. Caudally the fibres originate on the ventro-lateral surface of the anterior ceratohyal, lateral to the attachment of the hyohyoideus inferior. As the fibres run rostrally and pass the bases of the mandibular barbels, the fibres become subdivided into three distinct, ipsi-lateral pairs of muscle bundles (Fig. 5B) . The ventral bundle pair (=protractor hyoidei pars ventralis) inserts on the medial face of the bases of the internal mandibular barbels, whereas the lateral pair (=protractor hyoidei pars lateralis) inserts on the medial face of the bases of the external mandibular barbels. The dorsal bundle pair (=protractor hyoidei pars dorsalis) is elongated rostrally into a tendon, which attaches to the ventral face of the dentary. This tendon originates from the laterodorsal fibres of the muscle bundles. Caudally, where no subdivisions can be distinguished, the tendon lies on the dorsal surface of the protractor hyoidei, until it continues into muscle fibres. As already mentioned, the protractor hyoidei has become completely separated anteriorly from the intermandibularis (Fig. 5A) .
The hyohyoideus inferior takes origin along the ventral surface of the anterior ceratohyal and ventral hypohyal bones. In serial sections, the fibres of the muscle seem to be directed in different trajectories (Fig. 5C ). The ventral fibres run transversally between the left and right hyoid bars, meeting in a median aponeurosis. The dorsal fibres, however, are directed more longitudinally. In between the two muscle parts, two tendons can be distinguished which are elongated into the adjacent hyohyoidei abductores (see below).
The hyohyoideus abductor has become a distinct muscle, connecting the first branchiostegal ray to the rostral tip of the hyoid bar. The muscle originates through a long and narrow tendon on the ventral surface of the ventral hypohyal bone. This tendon is elongated into a flat muscle sheet which inserts on the first branchiostegal ray of the opposite side. Consequently a crossing over of the ipsi-lateral tendons is noted at the level of the urohyal bone. Anterior to the crossing over, the tendons are covered both dorsally and ventrally by fibres of the hyohyoideus inferior. The insertion site of the muscle on the rostral margin of the first branchiostegal ray is spread over the complete length of the ray, whereas the lateral margin of the muscle extends into the lateral margin of the branchiostegal membrane. The lateral fibres do not insert on the branchiostegal ray, but are attached to a myoseptum separating the muscle from the first hyohyoideus adductor.
The hyohyoidei adductores form a continuous muscle sheet between the first branchiostegal ray up to the medial face of the opercular bone, thereby enclosing all the rays lying in between. The muscles inserting on the branchiostegal rays attach to the latter along the whole length. The lateral fibres lie lateral to the rays, as they insert on the myocommata separating the different muscles.
At this ontogenetic stage the sternohyoideus is enlarged caudally to a great extent, as can be seen in the 136.2 mm SL specimen as well (Fig. 8C) . The muscle is attached to both the ventral and the dorsal surface of the cleithrum. Caudally, the fibres lying dorsal to the horizontal limb of the cleithrum, are separated completely from the fibres attached to the ventral surface of the bone. More anteriorly, the lateral fibres of these muscle divisions are fused, thereby covering the latero-rostral margin of the cleithral bone. The left and right muscle bundles are separated from each other by a vertical myoseptum. The hemibranchia in the branchial cavity cover the dorsal surface of these muscle bundles. Anteriorly, the fibres enclose the three caudal processes of the urohyal bone, on which they insert. The medial process of the urohyal bone lies in the same plane as the myoseptum separating the ipsilateral muscle bundles. At the level of these three processes, the fibres are concentrated into four distinct bundles: two of them are attached to the ventral surface of the medial process, the other two are attached to the dorsal surface (Fig. 5D ). Both the ventral and the dorsal bundles insert laterally on the medial face of the lateral processes of the urohyal bone. A broad sheet of connective tissue can be distinguished, connecting the lateral processes and the ventral bundles to the underlying hyohyoideus inferior.
mm SL (100 days posthatching)
The intermandibularis in this specimen is comparable to the situation in the 46.8 mm SL specimen. In a ventral view, the separation of the muscle from the anterior fibres of the protractor hyoidei can be observed (Fig. 6A) . The muscle connects the left and right mandibles. The insertion is spread over the ventral face of the mentomeckelian part and the anterior part of the dento-splenial component, close to the mandibular symphysis (Fig. 6B) .
The protractor hyoidei is a solid and large muscle, connecting the hyoid bars to both the lower jaw and the mandibular barbels (Fig. 6) . The origin of the muscle is spread over the anterior ceratohyal, up to the anterior margin of the non-ossified area between the anterior and the posterior ceratohyal bone (Fig. 8) . The origin of the protractor hyoidei lies lateral to the origin of the hyohyoideus inferior, which inserts on the anterior ceratohyal as well. From there on, the superficial fibres run anteriorly up to different insertion sites, resulting in four distinct superficial muscle fields (Fig. 7) . The lateral fibres insert on the posterior and lateral margin of the bases of the external mandibular barbels (field P 1 ) (nomenclature of the fields following Ghiot et al. (1984) ). The medial fibres run up to a median aponeurosis, thereby interconnecting the left and right protractor muscles (field P 7 ). Superficial fibres originate from the bases of the mandibular barbels as well. Muscle fibres were observed running from the medial face of the base of the external mandibular barbel, up to the lateral face of the base of the internal mandibular barbel (field P 3 ). Other fibres connect the medial face of the base of the internal mandibular barbel to the structure interconnecting the ipsi-lateral internal mandibular barbels (field P 4 ). These superficial fibres correspond to the pars ventralis and lateralis, as was observed in the 46.8 mm SL specimen (Fig. 5B) . The tendon of the pars dorsalis, as was observed in the 46.8 mm SL C. gariepinus, originates from its ventral fibres and inserts on the ventral face of the dentary. The dorsal fibres insert on the caudal margin of the lower jaw and run medially where they meet the ipsi-lateral fibres at a median aponeurosis (Fig. 6B) .
The hyohyoideus inferior is a solid muscle covering the ventral face of the anterior ceratohyal and the ventral hypohyal (Figs 6, 8A ). The origin of the muscle is spread over the whole ventral surface of those two bones. Anteriorly, the anteriorly directed fibres curve medially as they insert on a median aponeurosis.
The morphology of the hyohyoideus abductor is comparable to the situation in the 46.8 mm SL specimen. The crossing over of the tendons of the muscles can clearly be distinguished as they run from the ventral face of the urohyal bone up to the ventral hypohyals (Fig. 9) . The hyohyoidei adductores form a strong muscular sheet between the first branchiostegal ray and the opercular bone, into which the other branchiostegal rays are embedded. The developmental state is comparable to the 46.8 mm specimen. The marginal muscle fibres correspond with the margin of the branchiostegal membrane, which covers the pectoral girdle.
The sternohyoideus has become a very solid muscle, triangular in shape. The origin of the muscle is spread along the whole rostral margin of the ventral limb of the cleithral bone (Fig. 8C) . The cleithrum bears a thin, rostral crest for the attachment of the sternohyoideus fibres, both at its ventral and its dorsal face. The fibres of the sternohyoideus are completely separated from the hypaxial muscles. Caudally, left and right sternohyoideus meet one another entirely in the midline. Rostrally the muscle fits into the fork formed by the caudal processes of the urohyal bone. It is stated that the latter bone is derived from a paired ossification of the tendons of the left and right tendon of the sternohyoideus (parurohyale in Arratia & Schultze, 1990 ). The urohyal is connected to the ventral hypohyals through two stout ligaments (ligamenta urohyalo-hypohyalia). The sternohyoideus consists of three myomeres, divided by two myocommata (Fig. 8C) . The medial fibres of the middle myomere originate on the cleithral bone, whereas the major part of the fibres are attached to the caudal myocomma.
DISCUSSION
Not all the described hyoid muscles develop simultaneously in C. gariepinus (see Table 1 ). The intermandibularis, the protractor hyoidei and the hyohyoideus inferior are present already in 4.7 mm fry, although no insertion was observed (Surlemont et al., 1989) . In the 5.2 mm fry, the sternohyoideus is developed, lying at the ventral face of the branchial basket. The muscle reaches from the pectoral region to the posterior margin of the hyohyoideus inferior, but does not insert yet. The intermandibularis and protractor hyoidei, however, are already provided with both their insertions at this level (Surlemont & Vandewalle, 1991) . It is only in the 6.8 mm larva that the hyohyoideus inferior and the sternohyoideus attach to the hyoid bars (Surlemont et al., 1989) . In the 7.2 mm larva, the hyohyoideus abductor and adductor muscles can be observed, inserting through an indistinct tendon onto the rostral part of the hyoid bar. These muscles, however, which cannot be distinguished from each other at this stage, do not yet insert on the branchiostegal rays. The insertion was observed in the 46.8 mm SL juveniles. Looking at the ontogeny of the skeletal elements of the suspensorium, four major stages can be distinguished. Initially, the suspensorium, Meckel's cartilage and the hyoid bars form one single cartilaginous unit, as can be observed in the 4.7 mm and 5.2 mm larvae (Surlemont et al., 1989; Surlemont & Vandewalle, 1991) . Secondly, the cartilaginous connection between the lower jaw and the quadrate part of the suspensorium is lost, and a real articulation is formed in the 6.8 mm larva (Surlemont & Vandewalle, 1991) . Thirdly, the cartilaginous connection between the hyoid bars and the suspensorium, constituted by the cartilaginous interhyal is lost, as the interhyal becomes a separate structure articulating with both the suspensorium and the hyoid bars (in the 46.8 mm SL specimen). Fourthly, the interhyal becomes completely reduced and a ligamentous connection is present between the hyoid bars and the suspensorium (in the 136.2 mm SL specimen) (Adriaens & Verraes, 1994) . T 1. Data on the presence of the cranial muscles during ontogeny in C. gariepinus (−=not yet present, ±=present but no insertion, +=present and inserting) ( * the insertion of the muscles is not on the opercular bone but on the opercular process of the hyosymplectic) ( * following Surlemont et al., 1989; † following Surlemont & Vandewalle, 1991) 
As already mentioned, the intermandibularis in the juvenile C. gariepinus corresponds to the anterior portion of the primordium of this muscle, as the posterior part has fused with the interhyoideus anterior. This seems to be the case in most teleosts. However, in two groups of Osteoglossomorpha (Notopteridae: Osteoglossiformes and Mormyridae: Mormyriformes), the two muscles (posterior intermandibularis and anterior interhyoideus) remain separated (Greenwood, 1971 ). In the latter paper the interhyoideus seems to correspond to the interhyoideus anterior. A reduction of the anterior intermandibularis is noted in those species where a fusion has occurred between the two mandibular rami, as the muscle normally contributes to the adduction of the two rami, and consequently the adduction of the suspensoria (Anker, 1974) . Within the ostariophysan fishes, the muscle is well developed in Cobitidae (but not in the other Cypriniformes) and in Siluroidei.
The morphology of the protractor hyoidei has frequently become a complex structure, in which the basic configuration of the subdivisions can only be discerned from ontogenetic studies. Generally the protractor hyoidei is recognized only when a fusion between the posterior intermandibular and anterior interhyoideus muscle has occurred. Generally, this protractor then connects the medial face of the mandibula, close to the symphysis, with the hyoid bars at the level of the hypohyals, and the anterior and posterior ceratohyals (Winterbottom, 1974) . Expansion of insertions have been observed in several teleosts, where the protractor becomes attached to the branchiostegal rays (e.g. in Osteoglossidae, Pantodontidae (Greenwood, 1971) , Cyprinidae (Takahasi, 1925) ) (Winterbottom, 1974) . The rostral attachment of the muscle to the dentary seems to be constant, although additional insertions on the angular occur (Liem, 1967) . In several cases, the protractor hyoidei has a typical 'X'-shape, bearing two separate bundles anteriorly and posteriorly, fused to each other in the middle (Takahasi, 1925; Saxena & Chandy, 1966; Lauder, 1980a Lauder, , 1981 Lauder & Liem, 1980) , although other shapes are frequent (e.g. Y-shape in Epibulus insidator (Perciformes: Labridae)) (Westneat & Wainwright, 1989) . The secondary subdivision of the protractor muscle in a superficial part and a deeper part, as is observed in C. gariepinus, seems to be a general feature for siluroid fishes. Takahasi (1925) referred to a 'geniohyoideus inferior', corresponding to the protractor hyoidei pars ventralis and lateralis, and a 'geniohyoideus superior', corresponding to the protractor hyoidei pars dorsalis. In Mormyridae, where the posterior intermandibularis and the anterior interhyoideus remain separated from each other, the latter muscle consists of two pairs of muscle bundles: a medial (or inner) division and a lateral division (Greenwood, 1971) . The position of the lateral division, and especially the fact that it inserts through a tendon onto the anterior half of the mandibula, may suggest a correspondence with the tendinously inserting protractor hyoidei pars dorsalis. The deeper fibres of this pars dorsalis, covering the tendinous part, may then correspond to the inner division (Fig. 6B) . When comparing the position of the posterior intermandibularis in Mormyridae with C. gariepinus, this muscle may then correspond to the protractor hyoidei pars lateralis and ventralis of C. gariepinus, into which the mandibular barbels have become embedded. However, some additional ontogenetic evidence, as well as comparative material would be required to elucidate such homologies. Several authors refer to a 'geniohyoideus anterior' and a 'geniohyoideus posterior' (Osse, 1969; Anker, 1974; Lauder & Liem, 1980; Westneat, 1990) . It has been demonstrated that these two muscles contracted independently from each other (Osse, 1969; Lauder & Liem, 1980) . This anterior part presumably corresponds to the intermandibularis posterior, whereas the posterior part corresponds to the interhyoideus anterior. As these two muscles are innervated by two different nerves, an independent contraction of those two muscles could be explained (Verraes, 1973) . In those ostariophysan fishes where no subdivisions can be found, it is presumed to be the result of a secondary fusion between the superficial and the deeper part. Exceptionally, the protractor hyoidei can be reduced completely, as is observed in Liobagrus (Amblycipitidae) (Takahasi, 1925) . The activity of the protractor hyoidei muscle can even differ interspecifically, as was observed in several characids (Lauder, 1981) .
The hyohyoideus is derived from the interhyoideus posterior (Winterbottom, 1974 ). An undifferentiated hyohyoideus muscle can still be found in some living teleosts, where the muscle runs from the medial face of the opercular bones, passing along the branchiostegal rays up to the medial face of the hyoid bar (e.g. in Osteoglossomorpha, Salmonidae, Cobitidae) (Takahasi, 1925; Greenwood, 1971; Verraes, 1973; Lauder & Liem, 1980) . Although only one muscle can be observed in Cobitidae, two rostral insertion sites can be distinguished, corresponding to the insertion sites of two subdivisions of the hyohyoideus observed in most Cypriniformes and all Siluroidei (Takahasi, 1925) . The latter author then refers to an 'inferior hyohyoideus muscle', inserting on the hyoid bar, and a 'superior hyohyoideus muscle', attaching onto the branchiostegal rays. The inferior part corresponds to the hyohyoideus inferior used in this paper, whereas the superior part corresponds to both the hyohyoideus abductor and adductor muscles (Takahasi, 1925; Munshi & Singh, 1967; Singh, 1967; Osse, 1969; Anker, 1974) .
This hyohyoideus inferior generally covers the anterior ventral portion of the hyoid bars, onto which it inserts. The muscle fibres then run medially, as they insert on a median aponeurosis, thereby covering the urohyal bone. In some cases, the muscle inserts on the latter bone as well, in which case no median aponeurosis is present (Winterbottom, 1974) .
The hyohyoideus abductor is responsible for the expansion of the branchiostegal membrane. In general the muscle connects the first branchiostegal rays with the rostral tip of the hyoid bars. However, some morphological modifications concerning the insertions of the tendons have been noted, as the tendon of the abductor, attached to the branchiostegal ray on one side of the hyoid bar, runs up to the hyoid bar of the same side, of the opposite side or of both sides. In C. gariepinus it is observed that the tendons cross over each other, as they pass through the hyohyoideus inferior (Fig. 9) . In Gasterosteus aculeatus, a single tendon, which is forked anteriorly, connects the muscle with ipsi-lateral rostral tips of the hyoid bar (Anker, 1974) . In those cases where the abductor muscle is not present, a caudal shift of the fibres of the hyohyoideus inferior or the protractor hyoidei can be observed, which then insert on the first branchiostegal rays (Winterbottom, 1974) . As a result, the contraction will generate an abduction of the branchiostegal rays as well.
In general the hyohyoidei adductores form the sometimes continuous muscle sheet between the first branchiostegal ray and the opercular, although insertions are found on the subopercular or the interopercular bones as well (Munshi & Singh, 1967; Osse, 1969; Winterbottom, 1974) . Contraction of the muscles results in the constriction of the branchiostegal membrane. In C. gariepinus the caudal insertion is restricted to the opercular bone. Nawar (1955) made a further nomenclatural subdivision as he referred to the 'interbranchiostegales', indicating the muscles interconnecting the branchiostegal rays, and the 'opercular branchiostegalis', being the muscle running from the last branchiostegal ray up to the medial face of the opercular bone.
The sternohyoideus configuration in teleosts is rather constant (Greenwood, 1971; Winterbottom, 1974) . In most cases this muscle runs from the horizontal limb of the cleithrum up to the urohyal bone, which is believed to be a sesamoid ossification of the sternohyoideus tendon (de Beer, 1937; Devillers, 1958; Arratia & Schultze, 1990) . As in most teleosts, some fibres are connected to an aponeurosis with the inferior obliquus hypaxial muscle, it is not the case in C. gariepinus. The insertion of the sternohyoideus in the latter species is, however, spread over the plate-like horizontal limb, both along its dorsal and ventral margin. In most teleosts, the sternohyoideus plays a crucial role in mouth opening, suspensorial abductions and hyoid depressions (Lauder, 1980c; Lauder & Liem, 1980; Aerts, 1991) . In C. gariepinus the sternohyoideus is a solid but short muscle, which may influence the depression capacities during hyoid depression (Adriaens & Verraes, 1994) .
The principal function of the hyoid bar is to act as a lever for the expansion of the orobranchial cavity (Schaeffer & Rosen, 1961) . Such expansions, however, are generated through a whole set of mechanisms in which the neurocranium, the lower jaw, the maxillary bones, the suspensorium, the branchiostegal rays, the opercular bones and the gill arches are involved (Alexander, 1967 (Alexander, , 1969 Gosline, 1971; Anker, 1974; Lauder & Liem, 1980; Lauder, 1980a Lauder, ,c, 1981 Liem, 1984; Muller, 1987; Westneat, 1990; Aerts, 1991) . The effect of suspensorial abduction will be of greater importance in those fishes with a laterally depressed skull, where the suspensoria are high, compared to dorso-ventrally flattened skulls, with short suspensoria. In those teleosts having a dorso-ventrally depressed head, like most catfishes do, the elevation of the skull and the depression of the hyoid bar will play a more important role (Alexander, 1965; Gosline, 1973) . In siluroids, however, the neurocranial movements are believed to be obstructed by the strongly fused anterior vertebrae in the complex weberian apparatus, but mainly in the lateral way (Gosline, 1977) . In fishes, with dorso-ventrally flattened skulls, it can be suggested that an extensive hyoid depression can be infavourable (Adriaens & Verraes, 1994) . In general, the head of catfishes is dorso-ventrally flattened, being an adaptation to a benthic lifestyle (Alexander, 1965) . Consequently, the floor of the orobranchial cavity is relatively broad, which implicates that only a slight depression of the hyoid bars will result in a substantial volume increase (Adriaens & Verraes, in press). Furthermore, Hughes (1970) argued that in bottom-living fishes, the suction pump system, enabled through an abduction of the opercular bone, is far more important for aquatic respiration than the pressure pump system, in which a depression of hyoid bar and adduction of suspensoria induces the water flow. In C. gariepinus, an adaptation to an improved opercular abduction has been observed, as a shift of the insertion site of the adductor operculi resulted in an abduction action of the latter muscle, and thus being a protagonist of the well developed dilatator operculi (Adriaens & Verraes, 1997) .
One typical catfish specialization, in hyoid musculature, is related to the presence of the mandibular barbels. In several catfishes, the function of the protractor hyoidei is not restricted to jaw opening or hyoid elevation. As the bases of the mandibular barbels are embedded into the superficial fibres of the protractor muscle, contractions of the muscle will control the orientation of these barbels. In some catfishes a total of up to seven of these different fields could be recognized: (1) P 1 connecting the hyoid bar with the basal process of the external mandibular barbel, (2) P 2 between the plate, interconnecting the bases of the internal and external barbel, and the external mandibular barbel base, (3) P 3 between the bases of the internal and the external barbels, (4) P 4 between the internal barbel base and the median aponeurosis, (5) P 5 between the caudal tip of the external mandibular barbel base and the median aponeurosis, (6) P 6 between the base of the internal mandibular barbel and the hyoid bar and (7) P 7 running from the hyoid bar up to the median aponeurosis (Ghiot, 1978; Ghiot et al., 1984) . In C. gariepinus, four of these fields were observed (Fig. 7) . The largest field, the P 7 , connects the ipsi-lateral hyoid bars to each other. As the fibres of this field do not insert on the bases of mandibular barbels, they will probably have little effect on the displacement of the barbels. A medial displacement can be generated for the internal and external barbels independently: contraction of the P 1 field will retract the base of the external mandibular barbel, which can result in the medial displacement of the distal part of the barbel, whereas a combined contraction of the P 1 and the P 3 field can have the same effect on the internal barbel. The opposite displacement, in a lateral direction, can be generated as follows: contraction of the P 4 for the internal barbels, P 3 for the external barbels and both for the displacement of the internal and external barbels. Singh (1967) used terms like 'retractor tentaculi' and 'protractor tentaculi' to indicate the differentiated protractor hyoidei attached to the bases of the mandibular barbels.
Another specialization, within the Ostariophysi, as an adaptation to a benthic lifestyle has been observed in some hill stream cyprinids, like Garra mullya and Crossocheilus latius punjabensis (Cypriniformes: Cyprinidae) (Saxena & Chandy, 1966) . These species have developed a mental suctorial disc, which enables them to attach themselves to the substrate in order to withstand strong currents. A vacuum is created and sustained into these discs through contraction of a modified intermandibularis and protractor hyoidei.
In the Clariidae, the hyoid bars play an additional important role in the respiratory mechanism, as the members of this catfish family are able to perform aerial respiration, due to the presence of a suprabranchial organ (Willem, 1951; Munshi, 1961) . During this kind of respiration, an air bubble is swallowed at the water surface, and transported from the oral cavity, along the branchial cavity into the suprabranchial cavity (Hellin & Chardon, 1981; Vandewalle & Chardon, 1991) . The air bubble is pushed from the oral cavity into the branchial cavity through the lifting of the hyoid bar, generated through the contraction of the protractor hyoidei. It was observed in an abnormal specimen, lacking any mobility in the hyoid bars, that the transport of the air bubble to the suprabranchial organ was impossible (Vandewalle & Chardon, 1991) .
CONCLUSIONS
In C. gariepinus, the hyoid muscles investigated, develop and attach themselves to skeletal elements in a non-synchronous way. Ontogenetically, the intermandibularis, the protractor hyoidei and the hyohyoideus inferior are the first to develop, followed by the sternohyoideus. The last of the six muscles to become functional are the hyohyoideus abductor and adductor muscles. This time difference in functionality, coupled to an ontogenetic asynchrony in the skeletal development, may result for example in a shift and sequence in mouth opening and respiratory mechanisms.
The myology of the juvenile C. gariepinus reveals some structural adaptations. The superficial fibres of the protractor hyoidei are arranged into four fields, based on the place of origin and insertion. Several of these fields may generate a displacement of the internal and external mandibular barbels. A detailed morphological study reveals a subdivision of this muscle in pars lateralis, pars ventralis and pars dorsalis. The hyohyoid muscle is well developed and differentiated in the inferior, the abductor and the several adductor muscles. The sternohyoideus is broad but rather short, probably due to the need of a restricted hyoid depression during respiration and feeding.
